Abstract. Development of reliable and eco-friendly process for synthesis of metallic nanoparticles is an important step in a practical application of nanotechnology. One of the approaches towards achieving this objective is to directly use a natural substance. In this work, we have developed a simple green method for synthesis of silver nanoparticles (AgNPs) with Tiliacora triandra leaf extract at room temperature. The synthesis process was quite fast and the silver nanoparticles were formed within minutes of the silver ions coming into contact with the leaf extract. Formation of silver nanoparticles was confirmed by surface plasmon resonance at 452 nm with a UV-visible spectrophotometer. Synthesized nanoparticles were characterized by UV-visible spectroscopy, Fourier transformed infrared spectroscopy, X-ray diffraction, X-ray energy dispersive spectrometer, selected area electron diffraction, high-resolution transmission electron spectroscopy, field emission scanning electron microscopy, dynamic light scattering and zeta potential measurements. The main benefits of this sysnthesis method are that AgNPs produced with Tiliacora triandra are not only easy to prepared but should also be less toxic than those produced by other chemical methods.
Introduction
Materials in the nano-dimensional range (1 -100 nm) have remarkably different physico-chemical properties from those of the same material in bulk. These differences lie in the different physical and structural properties of atoms and molecules individually and in bulk as well as their surface to volume ratio [1] . With advancement in nanotechnology, a large number of nanomaterials are appearing with unique properties, opening up a new spectrum of applications and research opportunities. Many researchers have widely used noble metal nanoparticles in various technological applications because of their unique properties, so their synthetic methods are of great interest. Different chemical routes for synthesizing silver nanoparticles have been developed over the past few years [2] . Since usually the chemicals used for synthesis of silver nanoparticles are toxic and harmful to the environment [3] , in order to develop an eco-friendly analytical method, new synthetic routes based on green chemistry principles have been attempted [4] . Among various living organisms that have been used for nanoparticle synthesis, plants have been used particularly for metal nanoparticle synthesis. The use of plant extract for synthesis of nanoparticles has certain advantages-such as short preparation time and low cost-over other environmentally benign biological processes [5] . Silver nanoparticles (AgNPs) synthesized from plant extract have become a major focus due to their simple preparation procedure [6] . There have been many reports of preparations of metal nanoparticles with various kinds of plant extracts [7] . The specific mechanism of reduction of metallic ions by plant extracts remains enigmatic because plants' phytoconstituent composition vary among different species. These phytoconstituents including polyphenols, terpenoids, flavonoids, alkaloids, saponins, alcoholic compounds, ascorbic acid, polysaccharides, glucose, fructose and proteins/enzymes have been suggested to act as reducing and capping agents and are emerging very fast for using as scaffold for direct formation of metal nanoparticles [8] . AgNPs synthesis can be done with a leaf extract of Tiliacora triandra or "Yanang" [9] . It is in the family of Menispermaceae, a species of flowering plant native to mainland Southeast Asia that is widespread in the northeast region of Thailand. Yanang is common in deciduous and dry evergreen forests. It is a climbing plant with deep green leaves and yellowish flowers. It is used particularly in many cuisines in the northeast of Thailand and Lao PDR especially in their bamboo shoot soup. Chemical analysis revealed that Yanang leaves contain high levels of beta-carotene and minerals, such as calcium and iron. The extract from the root of this plant is used as a medicinal herb for treatment of fever and malaria, and it is also an antipyretic [10, 11] . A number of alkaloids, especially bisbenzylisoquinoline alkaloids have been identified in Yanang, including tiliacorinine, tiliacorine and nortiliacorinine.
Over the past decade, few reviews focusing on green synthesis of AgNPs were published. Most of these reviews focused on several plant sources for synthesis, several characterization techniques for analysis, shape and size, various applications and various green routes for AgNPs synthesis [12] [13] [14] [15] . Here, we explored an inventive synthesis of AgNPs by using leaf extract of Tiliacora triandra. This synthesis procedure for stable AgNPs is rapid and simple. The obtained nanoparticles were characterized by various methods, such as UV-visible spectroscopy, Fourier transformed infrared spectroscopy, X-ray diffraction, X-ray energy dispersive spectrometer, selected area electron diffraction, high-resolution transmission electron spectroscopy, field emission scanning electron microscopy, dynamic light scattering and zeta potential measurements.
Materials and Methods
Materials: Tiliacora triandra leaves were obtained from local premises. Silver nitrate was purchased from Sigma-Aldrich. All chemicals were of analytical reagent grade. All solutions used in the experiments were prepared with deionized water.
Preparation of Tiliacora triandra leaf extract: fresh Tiliacora triandra leaves were washed thoroughly several times with deionized water and chopped into fine pieces then dried at room temperature. Five grams of dried leaves were heated up in 100 mL of deionized water at 50 o C for 10 min. The Erlenmeyer flask containing it was shaken with a Geno/Grinder mechanical shaker (SPEX SamplePrep, USA) for 6 hours and then the mixture was filtered through Whatman filter paper No. 1 and stored in a refrigerator at 4 o C for further use. Green synthesis of AgNPs: 10 mL of 1.0 mM aqueous silver nitrate solution was mixed with fresh leaf extract and magnetically stirred for 30 min at room temperature.
Characterization of synthesized AgNPs: UV-vis spectroscopy, high resolution transmission electron microscopy (HR-EM), energy-dispersive X-ray spectroscopy (EDS), Field emission scanning electron microscopy (FESEM), Fourier transform infrared (FTIR), dynamic light scattering (DLS) and zeta potential measurements were performed on the AgNPs.
Results and Discussion

UV-visible Spectral Studies
A detailed study of green synthesis of silver nanoparticles with Tiliacora triandra leaf extract was carried out in this work. Figure 1 shows an observation of the AgNPs synthesis process for 72 hours at room temperature. The dark brown color of the reaction solution was a clear indication of successful formation of silver nanoparticles in the reaction mixture and was due to excitation of surface plasmon resonance of the AgNPs [16, 17] . This indicated that reduction of Ag + ions had taken place with the Tiliacora triandra extract. UV-Vis spectra were scanned of samples taken from the reaction vessel at different times. The time at which an aliquot was taken for analysis is indicated next to its respective curve. The strong surface plasmon resonance centered at λ max = 452 nm was clearly increasing in intensity with time and stabilized at 72 h of reaction. The characteristic surface plasmon resonance band of biogenic AgNPs occurred at 452 nm for the reaction carried out at room temperature. It was observed that the peak at 450-508 nm was blue-shifted with increasing temperature. The plasmon resonance was sharp indicating uniform aggregation of the particles in the solution and reduction of particle size at room temperature. 
Characterization Of Silver Nanoparticles
XRD patterns of the AgNPs are shown in Figure 2A . (200), (220) and (311) planes, respectively. By comparing them to those in JCPDS (file no: 89-3722), the typical pattern of green-synthesized AgNPs was found to possess a face-centered cubic crystalline structure. Unpredicted crystalline structures were also present that might be due to reactions with various organic compounds in the leaf extract. Appearances of these peaks were most likely from the presence of phytochemical compounds in the leaf extracts. The stronger planes indicate silver as a major constituent in the synthesis.
FT-IR spectra of Tiliacora triandra leaf extract with and without synthesized AgNPs are shown in Figure 2B . Both of them showed the following peaks: 3351-3270 (due to N-H stretching, amides), 1642-1638 (C=O stretching), 1465-1370 (hydroxyl groups, phenolic hydroxyl). Furthermore, the extract with the synthesized AgNPs showed other peaks at 1694, 1642, 1533, 1370 and 1050 related to alkene groups (C=C stretching), (C=O stretching), tertiary polyphenols, aliphatic amines (C-N stretching vibrations) and ether groups (C-stretching), respectively. The FT-IR results indicate involvement of amides, carboxyl, amino groups and polyphenols in the synthesis of AgNPs. There were polyphenols, protein and amino acid in Tiliacora triandra leaf extract that could contribute to the reduction of AgNO 3 and stabilization of AgNPs [18] . Similar observations were noticed in the green synthesis of AgNPs with other plant extracts [19] . Figure 3A show a mixture of plates (triangles, pentagons and hexagons), cubes, octahedrons but mainly spherical shapes that were reasonably monodispersed. The sizes of the AgNPs were found to be in the diameter range of 5-50 nm. This variation in shape and size of nanoparticles that had been synthesized by other green synthesis systems is common and they can be better controlled by optimization of synthesis conditions. A similar trend was also observed in the SEM images in Figure 3B . The above structures were observed with sizes up to 10-70 nm. The observed fringe patterns in HR-TEM images and a ring pattern in the selected area electron diffraction (SAED) graph in Figure 3C confirm the formation of highly crystalline AgNPs.
HR-TEM images in
EDS spectrum shows the presence of silver as a component element of the synthesized AgNPs. Metallic silver nanoparticles generally show a strong signal peak at 3 keV which is attributable to surface plasmon resonance of metallic Ag nanocrystals. Figure 3A shows quantitative information of the synthesized AgNPs. Peaks obtained from FESEM-EDS shown in Figure 1D confirmed that the sample was made up mainly of only these elements. The zeta potential of the synthesized AgNPs was found to be a sharp peak at -10.81 mV as shown Figure 4A , suggesting that the surface of the nanoparticles was negatively charged and the nanoparticles were evenly dispersed in the medium. The negative value confirms the repulsion among the particles and proves that they are very stable. The image of DLS size distribution of the synthesized silver nanoparticles is shown in Figure 4B . It was observed that the size distribution of AgNPs ranged from 53 to 88 nm and the average size was 70.01 nm. The spectrum obtained from the DLS analyzer compared to the sharp SPR peak at 452 nm obtained from the UV-Vis spectra indicate that the particle size had decreased. 
Conclusion
An eco-friendly route for synthesis of silver nanoparticles with Tiliacora triandra leaf extract offers a valuable contribution in the area of green synthesis and nanotechnology without complex physical and chemical steps. Tiliacora triandra leaf extract was prepared and successfully employed for preparation of silver nanoparticles that became plates (triangular, pentagonal and hexagonal), cubic, octahedral and spherical in shape. Powder diffraction study shows face-centered cubic lattice of silver nanoparticles ranges from 5-25 nm in size. Functional groups from the Tiliacora triandra leaf extract capped on the surface of nanoparticles indicating involvement of carbonyl group in the synthesis and probably of carboxylate group that covered the developing nanoparticles and produced the negative surface charge around the silver nanoparticles. This simple, low cost and greener method for development of silver nanoparticles should be valuable in environmental, biotechnological and biomedical applications.
